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Preface 

The  effort  on  this  project  began  on  May  1, 1997  and  continued,  through  an  extension  from 
NCEE  and  the  Department  of  Chemistry,  Wright  State  University,  until  May  31, 1998 
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1.  Naphthacene  Synthesis 
Proposed  Synthesis 


r 


Figure  1.  a)  The  reported  synthesis  of  a  1,5-disubstituted  naphthacene  precursor, 
b)  The  proposed  regiospecific  double  annulation  synthesis  of  the  1,10- 
disubstituted  naphthacene  spacer  unit. 


As  outlined  in  the  original  proposal  (Appendix  A),  the  successful  synthesis  of  arrangements 
of  two,  or  more,  porphyrins  pillared  by  a  naphthacene  spacer  in  a  cofacial  arrangement  was 
crucial.  Initially,  a  template  of  the  reported  conversion  of  1  (R  =  OH),  which  is  commercially 
available,  to  the  diketone  2  (R  =  OCH3)  involving  seven  (7)  steps  and  in  58%  yield  considered. 
The  proposed  regiospecific  double  annulation  synthesis  of  4  (R  =  OCH3),  would  involve  eight 
(8)  steps,  one  of  which  is  the  synthesis  of  3  (R  =  OH). 

1,8-Dihydroxynaphthalene 
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The  synthesis  of  3  has  been  reported  to  involve  the  fusion  of  the  sultone  6  with  a  mixture  of 
sodium  and  potassium  hydroxide  [a)  N.G.  Anderson,  S.P.  Maddaford  and  B.A.  Keay, 
J.Org.Chem.,  1996,  61,  9556,  b)  A.P.  Lurie,  G.H.  Brown,  J.R.  Thirtle  and  A.J.  Weissberger, 
JAm.Chem.Soc.,  1961, 83, 5015,  F.  Hibbert  and  K.  Spears,  J.Chem.Soc.,  Perkin  Trans.  2, 1988, 
571,  N.G.  Anderson,  personal  communication.].  The  workup  of  the  reaction  mixture  involved 
acidification  followed  by  a  series  of  tedious  and  expensive  extractions. 

Achievement 

Because  of  the  importance  of  this  starting  material,  considerable  effort  was  expended  on 
modification  of  the  reported  workup.  Elimination  of  all  extraction  and  careful  acidification  of  the 
diluted  reaction  mixture  at  low  temperature  leads  to  a  consistent  40-50%  yield  of  product 
exhibiting  the  characteristics  of  previously  prepared  samples.  In  addition  to  our  interest  in  this 
material  it  appears  to  be  an  important  starting  material  for  the  synthesis  of  anthracycline 
intermediates.  Anthracyclines  are  used  as  antitumor  antibiotics  (c.f.,  Henry,  D.W., 
Cancer.Treat.Rep.1979,  63,  845)  in  which  they  act  as  DNA  intercalators.  A  publication 
specifying  the  details  of  the  synthesis  and  workup  is  being  prepared. 

EXPERIMENTAL 

Improved  Synthesis  of  1,8-Dihydroxynaphthalene 


A  mixture  of  lOOg  NaOH,  lOOg  KOH  and  15g  of  naphthosultone  was  placed  in  a  2L  stainless 
steel  beaker  equipped  with  a  stainless  steel  cover,  a  thermometer  well,  a  nitrogen  inlet  and  a 
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vapor  exit.  The  reactor  was  heated  to  230°C  for  45  min.  The  reaction  mixture  was  then  cooled  in 
an  ice-bath  to  cause  immediate  solidification.  The  brown  solid  was  crushed  and  dissolved  in 
water  (400  mL).  The  resulting  basic  solution  was  carefully  acidified  (pH  2)  with  concentrated 
HC1,  boiled  for  30  min,  filtered  hot  and  cooled  in  an  ice-bath.  The  off-white  product  (10.5g, 
42%)  precipitates  from  solution  and  can  be  recrystallized  from  CH2Cl2/hexanes:  mp  141-3°C. 


1,8-Bisallyloxynaphthalene 

The  second  step  in  the  synthesis  of  a  1,10-disubstituted  naphthacene  system  was  the  reaction 
of  1,8-dihydroxynaphthalene  (3)  with  allyl  bromide  to  yield  1,8-bisallyloxynaphthalene  (7).  The 

- >■ 

Base 
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synthesis  of  the  7  has  proven  to  be  insurmountable  under  this  contract.  Unforeseen  steric  and/or 
electronic  effects  are  apparently  precluding  a  successful  synthesis.  Various  attempts  and  methods 
have  been  explored  in  order  to  obtain  this  product  cleanly  and  in  reasonable  yield,  i.e.  devoid  of 
the  half-product,  8-allyloxy-l-naphthol  in  yields  over  10-20%.  The  following  synthetic  methods 
have  been  examined: 

•  1,8-dihydroxynaphthalene  was  reacted  with  K2C03  and  allyl  bromide  in  refluxing 

acetone  (Takahashi,  et.al.,  Syn.Comm.,  1990, 20.  1569). 

•  1,8-dihydroxynaphthalene  was  reacted  with  K2C03  and  allyl  bromide  in  DMF. 

•  1,8-dihydroxynaphthalene  was  reacted  with  NaH  in  ether  to  preform  the  dialkoxide 

followed  by  reaction  with  allyl  bromide. 

•  1 ,8-dihydroxynaphthlene  was  reacted  with  NaH  in  1,2-dimethoxyethane  (MG) 

followed  by  reaction  with  allyl  bromide. 
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Further  progress  in  the  synthesis  of  a  1,10-disubstituted  naphthacene  pillared  porphyrin 
linking  unit  is  dependent  on  a  successful  synthesis  of  1,8-bisallyloxynaphthalene. 

2.  Naphthacene  Related  Synthesis 

An  alternative  to  the  all-aromatic  naphthacene  pillar  was  envisioned  to  be  accessible  by  way 
of  the  palladium-catalyzed  cyclization  of  l-(4-butenyloxy)-2-bromobenzene  (9)  that  was 
prepared  from  the  corresponding  phenol,  o-bromophenol  (8).  A  mixture  of  products  was  formed 
(10  and  11)  that  have  appropriate  functionality  for  further  elaboration.  The  availability  of 
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3,6-dibromo-2,7-dihydroxynaphthalene  (12)  from  a  previous  study  was  used  as  a  starting  point 
for  the  synthesis  of  the  corresponding  bis(4-butenyl)  ether  13.  Complete  characterization  of  13 
was  not  accomplished  and  its  conversion  to  a  mixture  of  14, 15  and  16  was  therefore  not 
undertaken.  Compounds  14, 15  and  16  all  contain  functionality  correctly  spaced  for  use  an 
alternative  to  the  naphthacene  pillar  5. 


14  15  16 
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EXPERIMENTAL 


3,6-Dibromo-2,7-dihydroxynaphthalene 


A  literature  procedure  was  used  to  prepare  3,6-dibromo-2,7-dihydroxynaphthalene  (Cooke, 
R.G.,  Johnson,  B.L.  and  Owen,  W.R.,  Aust.J.Chem.,  1960,  256).  Bromine  (26  g)  in  acetic  acid 
(50  mL)  was  added  slowly  to  2,7-dihydroxynaphthalene  (6.5  g)  in  acetic  acid  (150  mL).  The 
mixture  was  diluted  with  20  mL  of  water  and  refluxed  while  10  g  of  tin  was  added.  Heating  was 
continued  for  4  h  and  the  solution  was  cooled  to  50°C  and  filtered.  The  precipitated  product  was 
recrystallized  from  acetic  acid  to  give  10.5  g  (86%)  of  3,6-dibromo-2,7-dihydroxynapthalene: 
m.p.  188-189. 

3,6-Dibromo-2,7-bis(3-butenoxy)naphthalene 


The  bisallyl  ether  derivative  of  3,6-dibromo-2,7-dihydroxynaphthalene  was  prepared  by 
analogy  to  the  procedure  of  Shi,  et.al.  (Shi,  L.,  et.al.,  J.Am.Chem.Soc.,  1983, 48, 3895).  The 
reaction  of  3,6-dibromo-2,7-dihydroxynaphthalene  with  2  equivalents  of  4-bromo-l -butene  in 
acetone  was  carried  out  in  the  presence  of  excess  potassium  carbonate.  The  reaction  mixture  was 
refluxed  for  72  h.  The  acetone  was  removed  and  water  was  added  to  the  residue.  The  aqueous 
layer  was  extracted  with  ether  and  the  ether  layers  combined  and  washed  with  10%  NaOH.  The 
organic  layer  was  dried,  filtered  and  evaporated.  This  compound  was  not  fully  characterized. 
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2.  1,8-DiformylAnthracene  Synthesis 

The  synthesis  of  arrangements  of  two,  or  more,  porphyrins  pillared  by  an  anthracene  spacer 
in  a  cofacial  arrangement  has  been  reported  [  a)  I.  Abdalmuhdi  and  C.K.  Chang,  J.Org.Chem., 
1985, 50, 41 1,  b)  T.  Nagata,  A.  Osuka  and  K.  Maruyama,  3Am.Chem.Soc.,  1989, 112,  3054.]. 
The  synthesis  of  the  anthracene  pillar,  1,8-diformylanthracene  (20),  was  undertaken  to  provide  a 
comparison  of  the  anthracene  and  naphthacene  pillars  with  respect  to  the  porphyrin  spacing  in 
both  a  mono  and  di-lithium  form. 

The  synthesis  1,8-dichloroanthracene  (18)  was  accomplished  by  the  reduction/dehydration  of 
1 ,8-dichloroanthraquinone  (17)  with  zinc  in  aqueous  ammonia  followed  by  HCl/ethanol. 
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Replacement  of  the  halogens  of  18  with  cyano  functions  was  carried  out  using  cuprous  cyanide. 
Reduction  of  the  dicyano  compound  19  with  DIBAL-H  provides  1,8-diformylanthracene  (20). 


Elaboration  of  the  aldehyde  functions  into  porphyrin  rings  was  not  carried  out. 
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EXPERIMENTAL 


1,8-DichIoroanthracene 


Cl  Cl 


The  compound  1,8-dichloroanthracene  was  prepared  as  reported  (Golden,  R.  and  Stock, 

L.M.,  J.  Am.  Chem.  Soc.,  1971, 94, 3080).  A  5L  flask  was  charged  with  80g  (0.288  mole)  of  1,8- 
dichloroanthraquinone  and  3L  aqueous  ammonia.  As  the  mixture  was  stirred,  320g  (4.9  mole) 
zinc  dust  and  1.5g  cupric  sulfate  were  added  over  a  few  min.  The  mixture  was  gently  heated  for 
90  min.  The  temperature  of  the  solution  was  then  raised  to  80°C  and  it  was  stirred  for  4.5h.  The 
hot  mixture  was  filtered  and  yielded  a  gray  solid  that  was  washed  with  and  extracted  with  three 
portions  of  acetone,  which  were  combined  and  evaporated.  The  resulting  solid  was  dissolved  in 
hot  propanol  and  HC1  was  added  dropwise  until  crystals  began  to  appear.  The  yellow  needles 
were  washed  with  cold  methanol  to  yield  69  g  (94%)  of  1,8-dichloroanthracene:  m.p.  157-158  C, 
1,8-Dicyanoanthracene 


CN  CN 


A  literature  procedure  was  used  to  prepare  1,8-dicyanoanthracene  (Guilard,  R.,  et.al.,  7.  Am. 
Chem.  Soc.,  1992, 114, 9877).  A  1L,  three-necked  flask  was  charged  with  1,8- 
dichloroanthracene  (46.2  g,  0.19  mole),  cuprous  cyanide  (60g)  and  500  mL  of  freshly  distilled  N- 
methylpyrrolidinone.  The  mixture  was  refluxed  under  nitrogen.  After  24  hours  more  cuprous 
cyanide  (lOg)  was  added.  The  reaction  was  followed  by  TLC.  After  a  total  of  4  days  the  reaction 
was  complete.  The  mixture  was  cooled  and  poured  into  1L  of  water.  One  liter  of  aqueous 
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ammonia  was  added  and  the  mixture  was  stirred  for  4  days.  The  resulting  brown  precipitate  was 
filtered  and  washed  with  water.  The  solid  was  added  to  200  ml  of  aqueous  ammonia,  filtered  and 
washed  with  water.  Recrystallization  from  dimethylformamide  (3L)  gave  32  g  (73%)  1,8- 
dicyanoanthracene:  m.p.  301-303. 

1,8-Diformylanthracene 


A  literature  procedure  was  used  to  prepare  1,8-diformylanthracene  (7.  Am.  Chem.  Soc.,  1992, 
114, 9877).  A  suspension  of  1,8-dicyanoanthracene  (10  g,  43.9  mmol)  in  425  mL  of  dry 
methylene  chloride  was  cooled  to  0  C  and  diisobutylaluminum  hydride  (DEBAL-H)  (88  mL,  1  M 
solution)  was  rapidly  added.  An  additional  40  mL  of  DEBAL-H  was  added  after  15  minutes.  The 
mixture  was  stirred  at  0°C  for  15  min  and  then  at  room  temperature  for  30  min.  The  solution  was 
poured  into  aqueous  sulfuric  acid  (60%,  350  mL)  at  0°C.  The  mixture  was  diluted  with  water  (4 
L)  and  the  water  layer  extracted  with  methylene  chloride.  The  organic  extracts  were  combined, 

i 

dried  (MgS04),  filtered  and  evaporated.  Recrystallization  of  the  resulting  solid  from  ethanol  gave 
4.1  g  (40%)  of  1,8-diformylanthracene:  m.p.  187-8°C. 

4.  Poly(ethylene  oxide)  Model  Compound  Decomposition  Study  (GC/MS) 

The  objective  of  this  study  was  to  investigate  the  decomposition  of  the  polyethylene  oxide) 
model  compounds  ethylene  glycol  dimethyl  ether  (1,2-dimethoxyethane,  monoglyme), 
diethylethylene  glycol  dimethyl  ether  (bis(2-methoxyethyl)  ether,  diglyme),  triethylene  glycol 
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dimethyl  ether  (l,2-bis(2-methoxyethoxy)ethane,  triglyme)  and  ethylene  glycol  diethyl  ether. 
Each  compound  was  brought  in  contact  with  Na/Nal  or  Li/Lil  at  room  temperature. 


H(OCH2)nOH 

Poly( ethylene  glycol) 


CH3OCH2CH2OCH3  CH3OCH2CH2OCH2CH2OCH3 

Monoglyme  Diglyme 

1,2-dimethoxyethane  bis(2-methoxyethyl)  ether 


CH3OCH2CH2OCH2CH2OCH2CH2OCH3 

Triglyme 

l,2-bis(2-methoxyethoxy)ethane 


CH3CH2OCH2CH2OCH2CH3 
Ethylene  glycol  diethyl  ether 


Experimental  Conditions  and  Instrumentation:  The  reactions  were  earned  out  on  1  M 
solutions  in  septum  sealed  vials.  In  the  case  of  monoglyme,  diglyme,  and  diethyethylene  glycol, 
the  reactions  were  carried  out  on  a  5  mmole  scale.  The  reactions  of  triglyme  were  earned  out  on 
a  3  mmole  scale.  Head-space  vapor  analysis  was  carried  out  using  a  Supelco  Manual  Solid  Phase 
Micro-Extraction  Holder  (Supelco  5-7330)  with  a  Supelco  non-polar  fiber  (Supelco  57300-U). 
The  GC-MS  employed  was  a  Hewlett-Packard  Model  6890  GC  with  a  Model  5973  MS  Detector. 
The  program  utilized  for  analysis  was  VOC_5M,  which  holds  the  initial  temperature  at  35  C  for 
5  minutes  followed  by  an  increase  of  25°C/min.  The  extract  ions  used  in  the  study  were  15, 29, 
31, 45  and  46.  These  ions  were  extracted  from  the  spectrum  and  integrated.  Calibration  curves 
for  methanol  and  ethanol  was  obtained  for  10,000  ppm,  1000  ppm,  100  ppm  and  50  ppm.  The 
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hydrolysis  reaction  was  performed  by  removing  0.1  mL  of  the  reaction  mixture  via.syringe  and 
placing  the  mixture  in  a  1  mL  vial.  A  small  amount  of  water  was  added  (10  drops)  to  the 
mixture.  Prior  to  analysis  by  GC-MS  the  fiber  was  placed  in  the  vapor  space  of  the  vial  for  20-30 
minutes.  The  fiber  was  then  removed  and  inserted  into  the  MS.  The  fiber  was  allowed  to  remain 
in  the  injection  port  for  1  minute  to  desorb  the  materials. 

Monoglyme 

Analysis  of  the  monoglyme  blank  reaction  (no  metal  or  metal  salts)  over  a  period  of  time 
indicated  that  no  production  of  methanol  was  observed.  In  the  analysis,  the  production  of 
methanol  is  indicated  by  a  change  in  the  ratio  of  the  15, 29  and  31  mass  ions  -  none  was 
observed  in  this  case.  Analysis  of  the  reaction  of  Na/Nal  in  the  presence  of  monoglyme  showed 
no  indication  of  methanol  production.  The  ratio  in  the  Na/Nal  stayed  the  same.  Analysis  of  the 
reaction  mixture  of  Li/Lil  in  the  presence  of  monoglyme  indicated  that  after  hydrolysis 
methanol  was  present  and,  in  addition,  CH3OCH2CH2OH  (methoxyethanol).  It  should  be  noted 
that  when  the  Lil  was  added  to  the  vial  containing  the  Li  metal  and  monoglyme,  an  exothermic 
reaction  was  observed.  This  did  not  occur  in  the  analogous  Na/Nal  reaction.  However,  in  both 
the  Na/Nal  and  Li/Lil  reactions  the  presence  of  a  solid  was  noted.  The  entire  reaction  mixture 
was  hydrolyzed  and  analysis  of  the  solution  confirmed  the  presence  of  methanol  and 
methoxyethanol. 

Diglyme 

Analysis  of  the  diglyme  blank  reaction  (no  metal  or  metal  salts)  over  a  period  of  time 
indicated  that  no  production  of  methanol  was  observed  (by  monitoring  the  15, 29  and  31  mass 
ions  as  before).  Analysis  of  the  reaction  of  Na/Nal  in  the  presence  of  diglyme  showed  no 
indication  of  methanol  production.  Analysis  of  the  reaction  mixture  of  Li/Lil  in  the  presence  of 
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diglyme  indicated  that  after  hydrolysis  methanol  was  present  and,  in  addition,  CH3OCH2CH2OH 
(methoxy ethanol) .  It  should  be  noted  that  when  the  Lil  was  added  to  the  vial  containing  the  Li 
metal  and  diglyme,  an  exothermic  reaction  was  observed.  This  did  not  occur  in  the  analogous 
Na/Nal  reaction.  However,  in  both  the  Na/Nal  and  Li/Lil  reactions  the  presence  of  a  solid  was 
noted.  The  entire  reaction  mixture  was  hydrolyzed  and  analysis  of  the  solution  confirmed  the 
presence  of  methanol  and  methoxyethanol 
Triglyme 

Analysis  of  the  triglyme  blank  reaction  (no  metal  or  metal  salts)over  a  period  of  time 
indicated  that  no  production  of  methanol  was  observed  (by  monitoring  the  15, 29  and  31  mass 
ions  as  before).  Analysis  of  the  reaction  of  Na/Nal  in  the  presence  of  triglyme  showed  no 
indication  of  methanol  production.  Analysis  of  the  reaction  mixture  of  Li/Lil  in  the  presence  of 
triglyme  indicated  that  after  hydrolysis  methanol  was  present  along  with  CH3OCH2CH2OH  (2- 
methoxy ethanol),  HOCH2CH2OCH2CH2OCH2CH2OH  (triethylene  glycol)  and 
CH3OCH2CH2OCH2CH2OH  (2-(2-methoxyethoxy)ethanol) .  It  should  also  be  noted  that  when  the 
Lil  was  added  to  the  vial  containing  the  Li  metal  and  triglyme,  an  exothermic  reaction  was 
observed.  This  did  not  occur  in  the  analogous  Na/Nal  reaction.  However,  in  both  the  Na/Nal  and 
Li/Lil  reactions  the  presence  of  a  solid  was  noted.  The  entire  reaction  mixture  was  hydrolyzed 
and  analysis  of  the  confirmed  the  presence  of  methanol,  2-methoxyethanol,  triethylene  glycol 
and  2-(2-methoxyethoxy)ethanol. 

Ethylene  Glycol  Diethyl  Ether 

Analysis  of  the  ethylene  glycol  diethyl  ether  blank  reaction  (no  metal  or  metal  salts)  over  a 
period  of  time  indicated  no  production  of  ethanol  was  observed  (by  monitoring,  in  this  case,  the 
15, 45  and  46  mass  ion  ratio).  Analysis  of  the  reaction  of  Na/Nal  in  the  presence  of  ethylene 
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glycol  diethyl  ether  showed  no  indication  of  ethanol  production.  Analysis  of  the  reaction  mixture 
of  Li/Lil  in  the  presence  of  ethylene  glycol  diethyl  ether  indicated  that  after  hydrolysis,  ethanol 
was  present  as  well  as  CH3CH2OCH2CH2OH  (2-ethoxy ethanol).  It  should  also  be  noted  that  when 
the  Lil  was  added  to  the  vial  containing  the  Li  metal  and  ethylene  glycol  diethyl  ether,  an 
exothermic  reaction  was  observed.  This  did  not  occur  in  the  analogous  NaTNal  reaction. 
However,  in  both  the  NaTNal  and  Li/Lil  reactions  the  presence  of  a  solid  was  noted.  The  entire 
reaction  mixture  was  hydrolyzed  and  analysis  of  the  confirmed  the  presence  of  ethanol  and  2- 
ethoxyethanol. 

Summary  of  Poly  (ethylene  oxide)  Model  Compound  Decomposition  Study  (GC/MS) 


Monoglyme 

Diglyme 

Triglyme 

Ethylene  Glycol  diethyl 
Ether 

Blank 

No  Methanol 

No  Methanol 

No  Methanol 

No  Ethanol 

NaTNal 

No  Methanol 

No  Methanol 

No  Methanol 

No  Ethanol 

Li/Lil 

Methanol 

2-Methoxyethanol 

Methanol 

2-Methoxyethanol 

Methanol 

2-M ethoxyethanol 

Ethanol 

2-(2-methoxyethoxy)ethanol 
Triethylene  glycol 

Comment 

Li/Lil  exothermic. 
Solid  present  in 
both  Na  and  Li 
reactions. 

Li/Lil  exothermic 
Solid  present  in 
both  Na  and  Li 
reactions. 

Li/Lil  exothermic 
Solid  present  in 
both  Na  and  Li 
reactions. 

Li/Lil  exothermic 

Solid  present  in  both  Na 
and  Li  reactions. 

Achievement 

The  fragmentation  of  poly(ethylene  oxide)  model  compounds  in  the  presence  of  Li/Lil  but  not 
in  the  presence  of  NaTNal  has  been  demonstrated  at  room  temperature.  These  results  confirm 
previous  calculations  concerning  the  mode  of  performance  degradation  in  lithium  ion  batteries. 
Publication  of  these  results  is  in  progress. 
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Appendix  A.  Original  Proposal 


Single  Lithium  Ion  Conducting  Polymer  Electrolyte 

William  A.  Feld,  Ph.D. 

Department  of  Chemistry 

Wright  State  University 
Dayton,  OH  45435 

Introduction 

The  need  for  power  storage  systems  that  are  compact  and  have  both  high  power  and  high 
energy  density  has  become  acute  for  diverse  reasons.  Military  and  commercial  requirements  are 
similar  and  include  high-efficiency,  lightweight,  nonpolluting  (in  both  manufacture  and  disposal) 
systems  that  overcome  the  limitations  of  current  and  previous  designs.  A  recent  article1 
addresses  new  developments  in  the  battery  technology  area  and  indicates  that  “the  number  of 
practical  applications  for  electrochemical  power  sources  has  increased  dramatically,  so  that  what 
was  seen  up  to  the  1980s  as  a  relatively  mature  industry,  has  now  become  one  with  significant 
growth.”  The  range  of  applications  that  is  driving  this  growth  includes  ‘smart’  cards,  electric 
watches,  calculators,  portable  computers,  mobile  phones,  pagers  and  electric  vehicles  in  the 
commercial/consumer  arena  and  mobile/fixed  communication,  missile  guidance  systems,  and 
satellite  or  space  vehicle  power/communication/guidance,  in  the  military  arena. 

Rapid  advances  and  application  of  lithium  battery  technology  have  placed  these  systems  at 
the  forefront  of  current  research  and  development.  Typical  polymer  electrolytes  used  in  the 
current  generation  of  lithium  batteries  use  oxygen-containing  materials  as  electrolytes  and  are 
dual  ion  conductors.  This  type  of  electrolyte  relies  heavily  on  polymer  segmental  motion  to 
allow  the  ionic  conduction  required  for  battery  performance.  Due  to  the  physical  nature  of  these 
oxygen-based  materials,  their  segmental  motion  is  severly  restriced  at  ambient  and  subambient 
temperatures  -  exactly  those  temperatures  at  which  both  military  and  commercial/consumer  high 
performance  is  required.  In  addition,  the  dual  ion  conducting  polymer  electrolyte  can  suffer  from 
voltage  losses  across  the  electrolyte  under  high  pulse  power  conditions  because  of  a  buildup  of  a 
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cation/anion  concentration  gradient.  The  need  exists,  therefore,  for  the  development  of  a  totally 
new  polymer  electrolyte  wherein  there  is  a  radical  change  in  the  ionic  conduction  mechanism 
that  1)  eliminates  the  dependency  on  polymer  segmental  motion  and  2)  is  a  single  lithium  ion 
conductor.  The  following  section  describes  the  structure  of  an  electrolyte  that  can  satisfy  these 
requirements. 

Project  Description 

Computational  chemistry  has  been  used  by  Wright  Laboratory  (POOB)  to  design  a  lithium 
ion  conducting  polymer  electrolyte  channel  that  would  eliminate  the  polymer  segmental  motion 
based  ionic  conduction  mechanism.  Thus  it  would  have  a  low  energy  of  activation  and  perform 
well  at  subambient  temperatures.  The  basis  for  the  design  is  the  generation  of  a  constant- 
solvation  sphere  for  the  lithium  ion  whereby  the  lithium  ions  experience  a  constant  electrostatic 
potential  throughout  the  channel.  The  formation  of  this  channel  can  be  accomplished  through 
proper  spacing  of  an  unsaturated  macrocyclic  compound  such  as  a  dilithium  porphyrin.  Ionic 
conduction  is  based  upon  the  potential  difference  created  by  the  electrodes  of  the  cell  as  well  as 
lithium-ion/lithium-ion  repulsion  within  the  channel.  It  is  anticipated  that  the  energy  of 
activation  associated  with  ionic  motion  in  the  channel  system  would  be  about  0.2  ev  as  compared 
to  1.0- 1.5  ev  for  current  generation  solid  polymer  electrolytes.  This  estimate  is  based  on  the 
results  obtained  from  the  study2  of  layered  nanocomposite  polymer  electrolytes  where  there  is 
dispersed  negative  charge  throughout  the  system.  The  channel  would  also  allow  efficient 
operation  at  subambient  temperatures  due  to  the  fact  that  once  the  channels  are  established,  no 
furthur  molecular  motion  is  required  for  ionic  conduction  to  occur.  In  addition,  computational 
results  indicate  that  the  new  electrolyte  should  be  stable  at  the  lithium  anode.  As  stated  earlier, 
the  crucial  factor  in  the  establishment  of  channels  is  the  spacing  of  the  porphyrin  channel  units. 
This  is  shown  schematically  in  Figure  1 .  The  synthesis  of  arrangements  of  two,  or  more, 
porphyrins  pillared  by  an  anthracene  spacer  in  a  cofacial  arrangement  has  been  reported2  as  a 
model  for  the  study  of  the  dynamics  of  energy  transfer  without 
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Figure  1.  Schematic  of  computational  design 
of  porphyrin  channel  ionic  conductor. 


Figure  2.  The  anthracene  (upper)  and 
naphthacene  (lower)  spacer  units  with  required 
disubstitution  patterns. 


complications  of  confotmational  motions.  The  cturent  proposal  addresses  the  required  7A 
spacing  of  porphyrins  for  optimum  ion  channel  construction. 

The  proposed  research  wil,  involve;  1)  the  generation/synthesis  of  the  appropriate  spacer,  2) 
the  electrochemical  characterization  of  the  spacer  unit,  3)  the  attachment  of  appropriate 
porphynn  channel  units,  4)  the  electrochemical  characterization  of  the  combined 
spacer/porphyrin  subsystems,  5)  alignment  studies  of  subsystems  to  detennine  their  propensi*  to 
fomt  extended,  ordered  prophyrin  arrays,  and  6)  the  optimization  of  the  spacer  length  and 
characterization  of  an  improved  spacer  by  an  iterative  process  employing  steps  1  -6. 

As  shown  in  Figure  1,  computational  studies  indicated  the  optimum  interchannel  unit 
separation  to  be  about  7A.  The  spacer  unit  that  cotresponds  to  such  a  spacing  is  the  1,10- 
disubstituted  naphthacene  nucleus  as  shown  in  Figure  2.  The  synthesis  of  UO-disubstituted 
naphthacenes  is  not  addressed  directly  in  the  literature. 

Preliminary  investigation  of  the  synthesis  of  a  1,10-disubstituted  naphthacene  by  a  Diels- 

Alder  cycloaddtion  involving  a  bisbenzyne4  (Fi^rre  3)  indicated  drat  die  inherent  generation  of 

isomers  and  their  separation  makes  this  method  of  littie  use  in  a  1,10-disubstituted  naphthacene 
synthesis. 
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Figure  3.  The  bisbenzyne  approch  is  not  useful  because  of  isomers  which  in  one 
case  (desired)  have  Ri  =  R2  =  H  and  R3  =  R4  =  CHO  and  in  the  other 
(undesired)  have  Ri  =  R4  =  H  and  R2  =  R3  =  CHO. 


The  synthesis  of  a  1,10-disubstituted  naphthacene  by  a  series  of  steps  outlined  in  Figure  4b  is 
currently  under  consideration.  This  synthesis  is  analogous  to  that  reported  for  an  isomeric  system 
as  shown  in  Figure  4a.5  The  availability  of  1,8-dihydroxmaphthalene  (Figure  4b  starting 
material)  has  recently  been  addressed.6  In  this  context,  the  R  groups  act  as  directors  and  as  place 
holders  during  the  synthesis.  The  naphthacene  spacer  unit  must  be  inert  to  the  conditions 
encountered  during  subsequent  synthetic  procedures  as  well  as  during  its  lifetime  in  the 
electrochemical  cell.  The  stability  of  the  spacer  unit,  and  in  particular  the  influence  of  the  R 
groups,  will  be  investigated. 


Figure  4.  a)  The  reported  synthesis  of  a  1 ,5-disubstituted  naphthacene  precursor,  b) 
The  proposed  regiospecific  double  annulation  synthesis  of  the  1,10- 
disubstituted  naphthacene  spacer  unit. 
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A  recent  report7  delineated  the  use  of  the  cholic  acid  subsystem  as  a  spacer  unit  for  the 
construction  of  a  “molecular  tweezers.”  This  is  of  particular  interest  in  this  proposal  because  1) 
the  separation  dimensions  are  approximately  the  desired  ones,  2)  the  saturated  frame  of  the 
steroidal  backbone  would  not  be  expected  to  be  electrochemically  active,  and  3)  the  basic  unit  is 
available  naturally.  We  propose  to  investigate  this  subsystem  in  tandem  with  the  aforementioned 
naphthacene  system. 


Figure  5.  Cholic  acid  based  spacer  unit  dimensional  characteristics. 


The  construction  of  porphyrin  subunits  and  arrays  has  been,  and  continues  to  be,  addressed 
extensively  in  the  literature^  due  to  the  importance  of  such  arrays  in  the  photosynthetic  process. 
These  are,  however,  hydrogen-based  porphyrin  arrays  only.  These  reports  describe  ribbons, 
ladders,  pillared,  dendridic,  linear  and  planer  porphyrin  array  synthesis  and  characterization.  An 
important  result  of  these  studies  is  the  finding,  by  NMR,  that  the  porphyrin  rings  can  be  aligned. 
In  addition,  the  synthesis  of  new  subunits  and  the  improvement  of  synthetic  methods  for  existing 
subunits  as  well  as  the  development  of  new  porphyrin  assembly  techniques  makes  it  likely  that 
the  synthesis  and  characterization  of  an  appropriate  spacer  can  be  followed  closely  by  the 
generation  of  a  model  channel  porphyrin  array  having  the  computationally  designed  spacing. 
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Electrochemical  characterization  of  the  channel  array  will  suggest  future  improvements  and  new 
synthetic  objectives. 
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